Role of heme-protein covalent bonds in mammalian peroxidases. Protection of the heme by a single engineered heme-protein link in horseradish peroxidase.
Oxidation of SCN-, Br-, and Cl- (X-) by horseradish peroxidase (HRP) and other plant and fungal peroxidases results in the addition of HOX to the heme vinyl group. This reaction is not observed with lactoperoxidase (LPO), in which the heme is covalently bound to the protein via two ester bonds between carboxylic side chains and heme methyl groups. To test the hypothesis that the heme of LPO and other mammalian peroxidases is protected from vinyl group modification by the hemeprotein covalent bonds, we prepared the F41E mutant of HRP in which the heme is attached to the protein via a covalent bond between Glu41 and the heme 3-methyl. We also examined the E375D mutant of LPO in which only one of the two normal covalent heme links is retained. The prosthetic heme groups of F41E HRP and E375D LPO are essentially not modified by the HOBr produced by these enzymes. The double E375D/D225E mutant of LPO that can form no covalent bonds is inactive and could not be examined. These results unambiguously demonstrate that a single heme-protein link is sufficient to protect the heme from vinyl group modification even in a protein (HRP) that is normally highly susceptible to this reaction. The results directly establish that one function of the covalent heme-protein bonds in mammalian peroxidases is to protect their prosthetic group from their highly reactive metabolic products.